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$\frac{\partial\omega}{\partial t}+\frac{1}{a^{2}}J(\psi, \omega)+\frac{2\Omega\partial\psi}{a^{2}\partial\lambda}=(-1)p+1\mathcal{U}_{2p}(\triangle+\frac{2}{a^{2}})^{p}\omega$ . (1)
, $\psi(\lambda, \mu, t)$ : , $\omega(\lambda, \mu, t)$ : $(\equiv\triangle\psi),$ $\lambda$ : , $\mu$ : , $t$ :
, $J(A, B)$ : , $\triangle$ : , $a$ : , $\Omega$ : , $\nu_{2p}$ :
, $p$ : , . , $q\equiv\omega+2\Omega\mu$
.
$( \psi(\lambda, \mu, t)=\sum_{n=2}^{N}\sum_{m=}^{n}-n\psi nm(t)P^{m}(n\mu)e^{i\lambda}m)$ ,
$\psi_{n}^{m}(t)$ ( , 1990).
, .
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, .
$E(n, t)= \frac{1}{2}n(n+1)\Sigma_{m=-}^{n}n|\psi_{n}^{m}(t)|^{2}$ ,
$E(n, t=0)= \frac{An^{5}}{e^{-n/2}}$ , ’ $E(n, t=0)= \frac{An^{\gamma/2}}{(n+n_{0})\gamma}$ , (2)
, $m$ . Yoden
and Yamada(1993) ( : $\mathrm{y}\mathrm{y}\mathrm{l}993$ ) , Cho and Polvani(1996)
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, $p=8,$ $l\ovalbox{\tt\small REJECT} 2p=1\mathrm{X}10^{-38}$ . 10
, $t=5$ .
10 . 4 ,
$\triangle t=1\cross 10^{-3}$ .
$L\sim a\sim 6\cross 10^{6}\mathrm{m}$ ,
$U\sim\sqrt{2\mathcal{E}}\sim 10\mathrm{m}\mathrm{s}^{-}1$ , $T\sim L/U\sim 7\mathrm{d}\mathrm{a}\mathrm{y}\mathrm{s}$ , $\Omega=50$
.
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4 2 . $\Omega=0$ ( ), 50 ( ), 400( )
. 10 . ( , )
[ $\mathrm{j}_{\mathrm{i}}$ “ - ”.




$Ro$ ( $R_{\mathit{0}=}\infty$ ). 6 –
$\omega+2\Omega\mu$ , $t=5$ . (
6 ) , 5 $(t=2)$
. $\Omega=50$ ,
. ( ) ,
‘( ” . , ,
. $\Omega=400$ $Ro<<1$ ,




. ( ) ,
$(t\sim 0.5)$ .
, .
. , 10 ,
79
5 – . . t=0( ), 1( ), 2( )










. $n_{0}$ 50 100 , $\Omega$
50 400 , ,










6 – $(t=5)$ .
\Omega =0( ), 50( ), 400( ) . , 30
. .
– .
















, , $n^{-4}$ .
2. .
81
7 . – ,
$\Omega=0,25$ ,50( ), , 100, 200, 400 ( ) .
0.25 , ( ) .
. ,
.


















$\Omega=0\sim 400$ 6 .
: . ,
.
Batchelor, G.K., 1969: Computation of the energy spectrum in homogeneous two-dimensional
turbulence. Phys. Fluids, $12(\mathrm{S}\mathrm{u}_{\mathrm{P}}\mathrm{P}^{1.\mathrm{I}}\mathrm{I})$ , 233-239.
Borue, V., 1993: Spectral exponents of enstrophy cascade in stationary two-dimensional homoge-
neous turbulence. Phys. Rev. Lett., 71, 3967-3970.
Brachet, M.E., M.Meneguzzi, H.Politano and $\mathrm{P}.\mathrm{L}$ . Sulem, 1988: The dynamics of freely decaying
two-dimensional turbulence. J. Fluid Mech., 194, 333-349.
Cho, J.Y-K. and $\mathrm{L}.\mathrm{M}$ . Polvani, 1996: The emergence of jets and vortices in freely evolving, shallow-
water turbulence on a sphere. Phys. Fluids, 8, 1531-1552.
Huang, $\mathrm{H}.\mathrm{P}$. and $\mathrm{W}.\mathrm{A}$ . Robinson, 1998: Two-dimensional turbulence and persistent zonal jets in a
global barotropic model. J. Atmos. Sci., 55, 611-632.
83
9 .
\Omega =400( 6 7 ) $t=1$ ( ), 3( ), 5( ) .
, 30 .
.
Kraichnan, R.H., 1967: Inertial ranges in two-dimensional turbulence. Phys. Fluids, 10, 1417-1423.
Leith, C.E., 1968: Diffusion approximation for two-dimensional turbulence. Phys. Fluids, 11,
671-673.
$\mathrm{M}\mathrm{c}\mathrm{W}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{i}\mathrm{a}\mathrm{m}\mathrm{S},$
$\mathrm{J}.\mathrm{C}.$ , 1984: The emergence of isolated coherent vortices in turbulent flow. J. Fluid
Mech., 146, 21-43.
Nozawa, T. and S. Yoden, $1997\mathrm{a}$ : Formation of zonal band structure in forced two-dimensional
turbulence on a rotating sphere. Phys. Fluids, 9, 2081-2093.
–and–, $1997\mathrm{b}$ : Spectral anisotropy in forced two-dimensional turbulence on a rotating
sphere. Phys. Fluids, 9, 3834-3842.
Rhines, P.B., 1975: Waves and turbulence on a beta-plane. J. Fluid Mech., 69, 417-443.
–, 1998: Rossby waves and the polar vortex. http: $//\mathrm{w}\mathrm{w}\mathrm{w}.\mathrm{o}\mathrm{C}\mathrm{e}\mathrm{a}\mathrm{n}.\mathrm{W}\mathrm{a}\mathrm{S}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{t}_{0}\mathrm{n}.\mathrm{e}\mathrm{d}\mathrm{u}/\mathrm{p}\mathrm{e}\mathrm{o}\mathrm{p}\mathrm{l}\mathrm{e}/\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{f}\mathrm{f}/$
$\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{a}\mathrm{h}\mathrm{l}/\mathrm{r}\mathrm{o}\mathrm{s}\mathrm{s}\mathrm{b}\mathrm{y}$.html.
Vallis $\mathrm{G}.\mathrm{K}$ . and $\mathrm{M}.\mathrm{E}$ . Multrad, 1993: Generation of mean flows and jets on a beta plane and over
topography J. Phys Oceanogr., 23, 1346-1362.
Williams, G.P., 1978: Planetary circulations: 1. Barotropic representation of Jovian and terrestrial
turbulence J. Atmos. Sci., 35, 1399-1426.
–, 1990: (85) –
–. , 23, 283-290.
Yoden, S. and M. Yamada, 1993: A numerical experiment on two-dimensional decaying turbulence
on a rotating sphere. J. Atmos. Sci., 50, 631-643.
84
